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PREFACE
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. Development. Technical Monitors from the Office, Chief of Engineers for the
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_ Chief, CERC; Dr. Dennis R. Smith and Mr. Fred E. Canfield, Acting Chiefs,
};' Engineering Development Division; and Mr. Thomas W. Richardson, Chief, Coastal
Structures and Evaluation Branch. This report was prepared by Ms. Julie L.
Dean, Engineering Assistant, and Dr. Todd L. Walton, Jr., Research Hydraulic
Engineer.

Commander and Director of WES during the publication of this report

was COL Tilford C. Creel, CE. Mr. F. R. Brown was Technical Director.
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)
UNITS OF MEASUREMENTS

Inch-pound units of measurement used in this report have been converted to
metric (SI) units as follows:

Multiply By To Obtain
feet 0.3048 meters
miles (U. S. statute) 1.609347 kilometers
miles per hour 0.44704 meters per second
(international)

;,(: M.«‘bu ECI
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HANDHELD CALCULATOR ALGORITHMS FOR COASTAL ENGINEERING

Report 3

PART I: INTRODUCTION

1. The advent of the handheld programmable calculator has led to the
development of numerous programs in various fields of engineering and science.
Coastal engineering is no exception. This report provides three programs to
forecast waves in deep and shallow water. Two programs use the Joint North
Sea Wave Project (JONSWAP) wave forecasting equations for deep and shallow
water as presented in the Shore Protection Manual (U. S. Army Engineer Water-
ways Experiment Station Coastal Engineering Research Center (CERC), in prepa-
ration, 1984). The third program predicts a depth-limited significant wave
height using a spectral approach (Vincent 1982, Thompson and Vincent 1983).

2. The three programs presented herein are versions of Reverse Polish
Notation (RPN) logic suitable for use on HP-41CV programmable calculators
with or without accessory printer. Each program is documented, assumptions
are briefly described, and references to more detailed presentations of the
theory are given.

3. Each of the RPN programs incorporates HP-41 compatible-print rou-
tines which print and label all input and output parameters. The user has

only to enter the input parameters and the results are automatically computed

and printed. Since the printing routines increase program length by as much
as 25 percent, use of a magnetic card for permanent program storage is recom-

mended. The print steps do not need to be deleted if a printer is unavailable.
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PART I1: PROGRAMS

4. Three programs (103R-Rev, 106R, and 107R) are presented in this
report. Program 103R-Rev is a revised version of Program 103R (Walton,
Birkemeier, and Weggel 1982) and is being published herein with slight changes
for consistency.

5. Program 103R-Rev forecasts significant wave height and spectral peak
period in shallow water, using JONSWAP wave forecasting equations of the Shore
Protection Manual (CERC, in preparation, 1984). Program 106R forecasts the
deepwater significant wave height and spectral peak period for fetch-limited,
duration~limited, and fully developed sea cases in deep water. The JONSWAP
forecasting equations used are presented in Table 3-2 of the Shore Protection
Manual (CERC, in preparation, 1984). Program 107R calculates a depth-limited
significant wave height based on an estimate of the peak frequency of shallow-
water storm wave spectra. Equation (14) from Vincent (1982) and equation (5)
from Thompson and Vincent (1983) are used.

6. Each program allows either English or metric input and output.
Program listings are annotated, making it possible to follow the logic of the
algorithm and to make modifications if desired.

7. There are undoubtedly many calculator precgrams not included here
that have been developed on coastal engineering subjects. Practicing engi-
neers who would like to share such programs (in either AOS or RPN) with other
users are encouraged to submit them to the CERC. If the response is great
enough, additional reports presenting the programs will be prepared. Comments,
programs, or suggestions for programs should be sent to:

Commander and Director

U. S. Army Engineer Waterways Experiment Station
ATTN: Coastal Structures and Evaluation Branch, CERC

P. 0. Box 631
Vicksburg, Mississippi 39180

8. These and future programs will generally correspond to the following

numbering scheme:

Miscellaneous 0-99 Beaches 500-699
Waves and currents 100-299 Geology 700-899
Inlets 300-499 Structures 900~1099




9. In general, the documentation of programs submitted should be in a ¢
format paralleling that of the programs presented in this report. A blank
set of forms which can be reproduced is included in Appendix 2
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Program Description

Program Title LO3R-41CV-REV: JONSWAP Shallow-Water Wave Forecasting Equations, Revised (RPN Logic)

Name Todd L. Walton, Jr. Date 7/83

Address Coastal Engineering Research Center

Cny Waterways Experiment Station State MS Zip Code 39180
Vicksburg

Program Description, Equations, Variables, etc.

This algorithm computes the wave height, H, wave period, T, and minimum duratjion, t, from
input values of the water depth, d, fetch length, F, and adjusted windspeed, UA using
equations (3-39), (3-40), and (3-41) of the Shore Protection Manual (CERC, in preparationm,
1984). Equations (3-39) and 3-40) are for constant depth and unlimited wind duration.

Wave height and period in this algorithm are significant wave height and period. Algorithm

uses English or metric system of units.

REFERENCE

U. S. Army Engineers, Coastal Engineering Research Center, Shore Protection Manual,
Chapter 3 (in preparation).

Operating Limits and Warnings

103R-41CV-REV.-1




User Instruetions

103R-41CV-REV:

JONSWAP Shallow-Water Wave Forecasting

Equations, Revised (RPN Logic) SZE: /0
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
/ |LOAD PROGRAM (FOCAST) [XEQ)FocasT] EORM?
2 |eHoOSE ENGLISH or METRIC LWITS Eorm, [RIS] | a7
3 |ENTER ADJUSTED W/NDSPEED

(mites per hour or metrs persec) Ua [R/s] FETCH?
9 | ENTER FETCH (feet or km) £ [RIs] DEPTH?
5 |ENTER DEPTH (feet or m) a LR/s] _
o | READ SIGNMIF/CANT WAVE

HEIGHT (feet or meters) H
7 |READ SI6NIFICANT WAVE

PERIOD (s€c) 14
8 [READ MINIMUM DURATION

(hours) TIME

Example Ampblena.

Ug= 50 mph = 22 m[sec

F = 80000f1. = 24.9 km

=36 = /Im

Sk O FNRLCRET TN
EHGLTaM T e

WETRID IS
[V - Yo
SEoAWRG e 22,y
EFTivs - 3 FT
AR MR e LT
NEETh= - IFPTR=
€ PR e 11,6062
Hzgd ATes -— CERIN & 33
R ME 1/ I
TIN: s, SR - TIMEz] K15E

THE L Ow FABE e TTN

"t

"

103R-41ICV-REV.-2




Program 8 ——
ENTS STEP KEY ENTRY  KEY CODE
STEP  KEY ENTAY _ KEY COOE some o8 » 8 - R
IR — 51 510 97 1“omersed
92 ~SHALLOW FOPE:2S~ - 62 PrL 99 -
23 “LTING" - 63 RCL @& b
4 OVIEW - fd V2 E
ASeLRL 85 B 65 - i M
a6 “FE N/ W - = 66 310 AS ; ?/UA _'R”
7 anv . 67 PCL a6 .
88 TONE ¢ i he o . z
99 PRONPT i 59 670 AR ) Plup = Reo
10 ANFF ] 78 Pr( 03
11 ASTH ¥ 71 oL a1 )
12 €18 ] 7. ]
12w N 7T RCL 99 ] F
14 ASTH ¥ - s b 3
15 LR -1 75 ST0 91 b U"—’kl
16 ¥oy» - 7 RCL 00 1“9
17 610 81 - 7275 b
' 18 "ENGLISH UNITS- -1 7% YHX .
19 QVIEW - R 79 .53 - a
2% 32,2 - —» Ryg 20 s - a
21 10 89 - 35’9#5'1 21 YEQ &3 < h @53 { %“1) "Kv
2L 7] Cnwersion>Ren 82 S™0 84 {7an *
23 510 #7 J£m9. R 2 001 @ -
41,9 - rs1gn>Kep 24 spoT .
25 <10 a1 JEng. Conve 25 99565 |
2% T 82 i 9% » - p
270L0L @ B 87 RCL 04 g
29 OVIEw ] 29 XEQ 03 Jronh{ =T
_ 9,91 .~ Ro9 oL p4 o
i 31 ST0 89 q ?fleﬁrc ) Km ay ¢ ]
1.0 ¢ Cmnersign-» a2 ,283 ]
73§10 &7 | Hetrie - s 1
} ;: ggem Inetric Conversion> ' :: orL 8 ) )
‘,j J6eLBL 82 1 % Hz- 1 H disp j
. 7 -ya>- = a7 aRCL X 7 A
: 10 TONE 2 . 9 AVIEW 1
39 PROWPT - 99 TONE 7 .
@ 1= - 168 RCL 09 :
41 F$” 5% - 191,175 <
42 XEQ °4 4,/ - 182 Y1¥ :
41810 93 Jda= Ros 103 677 . 255
{ 44 *FETCNO. - 104 = - 3
45 TONE 1 - 105 XE9 03 11anh {0.83 *
‘ 46 PROWPT - 186 STO A¢ . A
i 47 *FETCN=" o 197 oCL & o i M
B " rs; :: 4 R 192 .33 .
d 49 XEQ ¢ de 199 Y% -
| 50 ST0 05 _ F o5 118 ,8379 -
- 51 *DEPTHO" 1 e .
\ 52 T0M€ 4 ) 12 PCL 84 ) £ 3
« 53 pegueT ] 13 / 1 [oos1d /3 1
54 ~PEPTHz- ] 114 ¥E0 83 Tanh Rog \Ua
i 55 FS* 5% - 115 RCL & .
1 Sk XEQ ] R 16 ¢
i 57§10 0 i d = Koo 17 2.4
.’ 58 RCL 03 118 ¢ -
59 peL 87 103R-61CV-REV.-3
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STEP KEY ENTRY XEY CODE COMMENTS STEP KEY ENTRY XEY CODE COMMENTS
113 RIL B
129 /
P21 RCL &
1o
07 e Tdisplayed
VYRR Y
125 2yt
12 TONE &
127 R 88
128 »
124 RCL @7
17
131 2,373
132 Ve
137 s
74
1 R 4T
1% x
1T R B9
i
179 3hai0
140 _
PIR TR Time dlsp/a{jfdf
147 APC_ ¥
14T OVIEM
144 TONC 9
14 474
146 LTD &S
14701 R 2
148 <10 W2
145 EHY
{56 PCL 82
8t NS
152 —
157
154 POogl
155 B4y
156 Py W2
197 OH:
150 EoY
159 .
158
el CTN
InZeiBL A4
153 PR
1ha PPy
165 Rim
166 ENT
—

10
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-‘ Program Description

Program Title  106R-41CV: JONSWAP Deepwater Wave Forecasting Equations (RPN Logic)

‘ Name Julie L. Dean Date 7/83
Address Coastal Engineering Research Center
‘ City Vicksburg State MS Zip Code 39180
4 b
' Program Description, Equations, Variables, etc.
This program takes the fetch length, F, adjusted windspeed, UA‘ and duration, t, as input
values and calculates the deepwater spectral wave height, HMp, and the peak spectral
period, Ty, for fetch-limited, duration-limited, and fully developed sea cases in deep
“ water. The equations used are presented in the Shore Protection Manual, Table 3-20. The
k i algorithm uses either English or metric units,
( REFERENCE

U. S. Army Engineer Waterways Experiment Station, Shore Protection Manual, Chapter 3
(in preparation).

Operating Limits and Warnings

106R-41CV~-1
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User Instruetions

- 106R-41CV: Jggﬁ::iogge?;;;e£0211§ Forecasting SIZE: (7/(7
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
J | LOAD PROGRAM (DEEPFOR) {EQ] DEEPFOR’| £ oR 117
2 | CHOOSE _ENGLISH OB METRIC UNITS E or M, [RIs] | FETCH?
3 | ENTER FETCH (miles oc kilomesns) F | [RIs] UA?
4 | ENTER _ADJUSTED WINDSPEED :
(miles[pr _or rmeters/sec) Ua | [ris] DURATION?
5 | ENTER_DURATION _(hours) z [r/s]
b | FETCH—-LIMITED CASE _
READ  Hoo, SPECTRAL WAVE \WT. Hip (.orm)
READ _TM . PERK SPECTRAL PERI0D 7r (secD
7 | DURARTION-LIMITED CASE '
READ Hwmo, SPECTRAL WRVE MT. Hoao (£1.6rm)
READ TM, PERK SPECTRAL\PERIOD I74 {&QT
8 | FuLLY DEVELOPED CASE
READ _ Hrmp, SPECTRAL WAVE| 4T Hug (H.orm.
READ TM, PERK .2§Cf»eﬁl_ PER 10D T [S€C)
9 |PRESS R/s To ENTER A NE].M P/?{lzﬂfM

Problrem :
F=9221mifes = 14.83km

Uy = 46.05 mules/br = 2059 merers/see

t =20 hours

DEEPHWATER FOREZITTIN
ENGLISH UMITS
[T H

9.218@ "
[1['H

46,0500 e
THPATINN=

20,0000 4

FETfH LINITED
HME=d, 2065
Ti=4,1999

MRGTION LIMTEY
HH=23, 9748
T™®=12, 39

FILLY BEVELOPFD
HMD=34,459%
TH=!7,86F)

DEEPWATER FORE(ECT M

NETRIC YMITS
FETCH=

14,6302 &0
=

28,5900 a5~
BURATION=

20.0000 ey

FETCH LINITED
WW=1, 2214
TH=4, 2086

MPATION LINITED
HMQ=7, 2964
TH=13,3953

FULLY DEVELOPEL

HM0=19, 5228

™z12,0097
106R-41CV-~2




PROGRAM DEEPFOR FLOWCHART

START PROGRAM
XEQ "DEEPFOR"

L

ENTER AND STORE
VARIABLES

COMPUTE: FETCH LIMITED

Y 2
H =1.ex10> [8E.\ ~ Ua®
mo UAZ g

: 1/3y
T =2.857x10" 0 [8F.| A
m UA2 g

COMPUTE: DURATION LIMITED

Fegr = Ua? S e
(6.88x101)Up

g

o2

B =1.6x10"3 [8Feff] * YA~
mo Up2 2

1 [8Feff 1/3
= - (3]
Tm 2.857x10 (_6;2_)

4

COMPUTE: FULLY DEVELOPED

g =2.433x10"0  UA2
mo
g
T o 8:134 Ua
m g
13

106R-41CV-3




Program Listing

! STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENYRY XEvY CODE COMMENTS
810LBL “DEEPFOR- - 1 3;2g=;5 |
92 *DEEPHATER FOREC* . $ .
a3 ~haSTING- . 61 "5‘ 93 1u-r
8¢ AVIEN sﬁg 9 u(:a:nw- 4 R
gt ] iy ]
87 008 7 65 PROWPT . ]
a8 TONE 2 ) Zﬁ ‘;pg;w- ]
PROMPT €
g ROFF 1 68 Yo 83 1 >R
1 69 570 93 1¢t*Res
11 R8T ¥ ]
12 £LA 1 78 oW ) ‘
17 *» 1 ;; “:g:w LINITED
14 RSO X 1 1
15 cL8 1 ;3 ReL 9 :
16 Y=y : 4 SORT )
17 6T0 @1 . ;2 :CL ¢ .
18 “ENGLISH UNITS® 1 )
i 77 ROL & !
' 19 AYIEN Ho _y s
mings  (Egish)jpost v.r o 1™ R ta
-}
22 5.59 E-1 SHA%10 = 57'-‘ > Res 98 ARCL X )
21 810 &5 ( g: ?leéh‘ )
g:qév“a £-2 1128910 m“ism Ry 8§ o a2 1
i1} " . . - U e
2% 4.415 £-; LUt 94 ROL 00 ]
27 470 @7 N5x16's Tn ., >Ry, %5 . ]
28 1,625 E-2 Ut 8 ? ]
2500 ok L |
S, 00F k-1 ut - , o
31 ST 89 - 89 RCL 05 ]
2 610 82 060 = Ti - Roa . | F)".;
T30L8L 91 Ua 22 ’:L ; Iy = KostUa
36 WETRIC UNITE* & ]
Metric -2 93 AVIEN
% TV;E: £z e) Joloris ‘0—,:5""'201 % TONE S 1
7 570 a4 A % AW N .
3¢ 6,232 E-1 23Bl|o(= Tu)v - Ros :3 :F;nnou LINITE .
39 670 45 W F)" ‘ ]
44 1,759 E-2 =2 98 AVIEN
4o 11590 ",: v 99 BCL #7 1
42 6,681 £-1 ¢ ;:? {,33 :
43 ST0 #7 gt R
! “ 2480 E-p 401310 :,A * - Ren ::g :c;soe ]
. 45 <10 89 . 1
| % 2,7 £-| 4823102 Hro 5 Reg :g X 1
! 47 870 89 Y * |
i ageLR. 62 W 186 RCL @5 4
! 49 “EETOMOS 3%0 " s TM 5 Ry 187 o ] 125 0%
l <8 TONE 1 Un 188~z {Huwo Raslt,
; 51 peeet 195 AREL X )
i §2 FETRMze 110 AVIEW 4
! 51 537 5§ 111 TONE 6 ]
i 54 XEQ 93 112 RCL 83 )
‘; €5 510 91 F-> Ry 113 RCL 82 4
’ 2 1w 113 soer ]
57 TONE ¢
l 58 PROWPT _ 116 RCL 87
‘]! ) 106R-41CV~4
|
!

14
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STEP KEY ENTRY  KXEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

117 05 05
118 =Ths- T Rn Uy ¢
119 ARCL X
120 AVIEN
! 121 TONE 7
122 AV

123 "FULLY DEVELOPED
N 124 QVIER
{ 125 RCL 82
126 ¥12
127 RCL 68
128 * z
129 -HHg=® Hpo™ Rog4a
139 qecL ¥
131 GVIEW
132 TONE 2
2 133 PCL 02

, 134 RCL @9
{35 »
136 Tn=" T= R Ua
137 ARCL ¥
138 AVIEW
139 TONE 9
148 STOP
141 10 94
142eLBL 03
142 oA
144 PRY
145 BTN
146 END

: A 106R~41CV-5




Program Description

Program Title 107R-41CV: Depth-Limited Significant Wave Height (RPN Logic)

Name Julie L. Dean Date 4/83
Address Coastal Engineering Research Center
City Vicksburg State MS 2ip Code 39180

Program Description, Equations, Variables, etc.

This program calculates a depth-limited significant wave height as given by equation (14)
from Vincent (1982) and equation (5) from Thompson and Vincent (1983), given depth, peak
frequency of the wave spectrum, and Phillip's equilibrium coefficient. The low cut-off
frequency is 0.80 fp. The upper cut-off frequency is 2.0 fp, where fp is the peak
frequency. Simpson's Rule is used to numerically integrate the frequency spectrum. The
algorithm uses either English or metric units.

REFERENCES

Vincent, C. L. 1982. "Depth-Limited Significant Wave Height: A Spectral Approach,"
Coastal Engineering Research Center Technical Report 82-3, U. S. Army Corps of Engineers
Coastal Engineering Research Center, August 1982.

Thompson, E. F., and Vincent, C. L. "Significant Wave Height for Shallow Water Design,"
(submitted to ASCE for publication, June 1983).

Vincent, C. L. "A Method for Estimating Depth-Limited Wave Energy," Technical Aid

No. B81-16, U. S. Army Corps of Engineers Coastal Engineering Research Center,
November 1981.

Operating Limits and Warnings

107R-41CV-1

16




frogram SwH__ Flowchart

START APROGRAM
XEQ llst/I

ENTER ANMND
STORE
VAR/ABLES

SET STEP Si26 COMPUTE: |
x_(aoo81gh)*%
SET COUNTER K JTF;#—)-
¢=0 " "ac Y
- He=H (50087 J
COMPVTE 7
Rlwp)(i)
Hum)(i)
USE SIMPSONS *
RULE /
{

P NG ,
§

COMPUTE
SIGNIFICANT WAVE

HEIGHT _-as h
toH egzma ")

107R-41CV~2"




METHODOLOGY USED IN THE PROGRAM

Equations Reference
Findwh {
max
whnax = 4{ R Equation (6): Vincent 1982
W= 20
and f = 2-fp
If () < 1.0
hmax
* 1 ¥ _ -1
) 1. H} =7 @ gh) fc Equation (16): Vincent 1982
2. Hy = Hy' (65008—,)" Equation (15): Vincent 1982
_—0.63662)
3. H = glexp 0.02289d Equation (5): Thompson and ;
s af 2 Vincent 1983 ‘
Where a = l.i. = _2—
gT &
P
If w, > 1.0
y max
1. R(uh) tanh(aLZRwh)) =1 Equation (7): Vincent 1982
! 2 -1
: RGa) 'l
2. ’Qoh) = Rﬁq‘)-z 1+ 20{,‘ ;“‘\ Equation (5): Vincent 1982
sinh(Zkﬂ Rﬁut)ij
2.0fp £8° )
3. Eh - — df Equation (13): Vincent 1982

»
0.8fp

Simpson's Rule is used to numerically integrate Step 3

h
f(x)dx = 3 y°+6y1+2y2+...+6y1_1+y1

— e e

*
4, ﬂ‘ = 4.0 (Eh)!"' Equation (14): Vincent 1982
*
i 5. “1 =Hy (O_f)OT)), Equation (15): Vincent 1982
_—0.43642
) 6. ﬂs = Hyexp 0.02289d Equation (5): Thompson and
2 Vincent 1983
= n df
d s —— =
2 3

107R-41CV-3

18
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User Instrucetions
107R-41CV: JONSWAP Depth-Limited Significant Wave Height SIZE: 4!22
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
I |LOAD PROGRAM (SwWH) ] “SwH” |EoRM?
2 |CHOOSE ENGLISH OR METRIC INITS _ E or M, (RIS DEPTH ?
3 |ENTER DEPTH (fctormerers) | o |[Ris] PEAK F?
4 |ENTER _SPECTRAL _PEAK
EREQUENCY | [Rs] ALPHA?
|5 |ENTER _PHILLIPS EQuUILIBRIUY
COEFFICENT o¢ LR/s]
6 |READ SIGNIFICANT WAVE
HEIGHT (feet or mesers) As=
{.
Note: With 4 infeqraton incrémenss, e Wram rafes
2 minutes » rurn. | ~ orr-srcv-4




s mamm s —— e am

. e ca——

User Instructions
Example Froblems

. 7T TIIONIFICONT wavE AT STGNIFICANT BAVE 7,
I input: d=3ft.= 09144 m. ik wirs NETPIC WMITS
DEPTH: DEPTH=
f - 00875 3.900000006  #rn 0.914400066  ve
P Fz PERAK F=
0{' 0.010| O rsoae see B arsaone v
[TThE ALPHA=
0.010100080  sx« 0.610104008 s
HS=?.712829318 HS=2, 350046497
Mgm 4 6027 e Hps 1.36872437 wer
2. input: d=30f+ = 9.H4m. SIGNIFICONT MAVE W, STGHTFICANT WAVE HT.
_r 0.0815 ENGLISH WNI7$ WETRIC UNITS
DEPTH= BEPTR=
e 30.00000000 o 9. 144400068 #3»
°‘ 0.0i01 PERK F= PEAK F=
0.087500080 e 0.087500008 o+
ALPHA= ALPHA=
0.810100000  sux $.019100008  sex
HS=15. 98217827 KS=4, 844781108
— Hpm13.04055079 ww M 1.97494p%E s
. ) - SIGNIFICANT WAVE HT, SICN e v,
3 mpu.t' d= IOH' .=30%8m. ENGLISH UNITS aéfpii'ﬁf.'ﬂsw
» 0,‘875 UEPTN=w DEPTH:
. 00068087 8 3 " *
L= 002152 PERK F= PERK FQ'M )
0.187500000  sx+ 6.137500080 v
ALPHA= ALPHA=
9.0215208% e 9.0215298%6  *v.
H5=6. 094898521 H5=1,82950288;
AQo SO68888°  sex s 4 SE044059  ape

4, input: d=I5{.=4572m. —

STQVIFICANT WAVE HT, SIGNIFICANT MAVE H'.
{", = 01875 ENGLISH UNITS WETRIC UNITS
DEPTH: PEPTHS
o= 0.02152 15.00006008  eae 4572000008 s
PERK F= PEQK F=
0.187500000  wes 0.187500006  xe
ALPHAS LPHA=
0.021528%  sur 0.021526890  »e
HS=7. 068469425 H3=2, 154519853
- M 6152105461 AR® AT an.

Example problems | and 2 correspmd 1o Lxam rgc problem ¥/
0{ Referenice (3). Example mb/cms 3a

t9 Lxample probliem *2. o{ Reference (3).

Values of Hy ( 516 red in Reg) have been printtd out for Com
Ison wrrh the anmple oblems’ of Reference (3).

4 'correspariol

ogram values Ar. Reference (3) valuds becaus&
+he” in on hmits invhis Prozmm are from 08f 1 20f,

and +he hmits used in +he Re

ce (3) are from 0.95

40 | Hz, 107R-41CV-5 -
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| Program Listing cousexs
OMMENTS STEP  KEV ENTAY  KEY CODE
STEP  KEVENTAY  KEY COOE ?ﬁ:{‘gr j
v . ;
BIOLBL *Swk+ . 20 p ? i
B2 SonF i e bt spor ,:
b o Ty r
o i3 - ;
B o of v pte Whay™> "o i
oo £5 16 7 i
a7 TONE 2 PR i 1.O¢ j
85 PROMPT :: Vv whmu > :
# onee 68 61 @2
te 2510 69 &, 408!
- 7% RCL @
12 “g- 71 %
12 RSTD & 72 RO Bt ]
14 LG 73 . 1
15 x=y? . 24 5or7 < .
16 610 17 Simple 7 o )
17 "BETRIC UNITS® Solvtion o Y
18 Avicw 3 et ge ] ‘
19 6,81 Wi <10 e ] I‘f" (0;‘07832)-—
28 G0 :’; 7 ReL 65 17 7%
210081 8 6,0931
22 “ENGLISH UNITS® ee ,
23 AVIEK o 507 £, & \:
24 32,2 R ;5 : H :H (rm' —7%
230LBL 18 ?"” % 8¢ ST0 A L~ TR N
26 STO @ ac ~10 & .
: 27e8L 20 2BeLpL 82
k 28 “DEPTH" ég‘tﬁ' " }
; [ 29 TOME 3 08 2.9 )
[ 30 PROWPT ol
] 71 *JEPTHz- w ;TD o 2_0/; > Roq
i 32 F§? 55 91 Bri e
[ T Ad—» Ry, 9.
4 ST0 @1 - o a0
[ 35 PEar £r a . R
[ 3% O 4 a5 ST0 18 dx > R
37 PROW .
[ . 9% DL B4 .
3 ey ke 97 510 11 fe()>Ru
39 F§? 99 q ﬁ.e -y 211.
H 49 YED 19 7[ - Rﬂ. Qg ;:?0 02 cwﬂﬂf
& L Py N
. 2 o8
E . 192 PCL 12
. ] 4Pl N ()R
. f e lwmf 277'(2")-7’36 igf st0 12 covnier
g g 4 ST 83 165 RC'. 6!
K ! 47 RCL 92 186 RO 5
! 42 9,89 R 187 /
h ‘9 . . "T
0 0 foor Ror -
51 ~ALPHA"® 8 s
52 TONE S 0 2
53 PRONPT " .
. o oaew- 1 1w
! 3 Fee S 14 s :
: i 3 ¥EQ 19 . s e
; 3 o o o£=> Ros_ 15 %12
|
j

107R=41CV=6




STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEVENTAY  KEV CODE COMMENTS
| 116 570 13 E‘*‘ )4 172 5.8
L 117 0.0 (Of =R, 173 ¥8X
! 18 S0 2 : 174 2
119 1000.8 175 Pl
120 810 22 1% %
121 18,% 177 4.8
122 570 28 178 X
1230081 #5 179+
124 XEQ “CALC" 188 1%
125 .81 121 9,088) ]
126 XOOF 162 »
127 ¥3y? ans. >1.01 ? 143 A0 6 )
128 GT0 8% 194 Y12 ]
129 610 w7 185 *
1300181 85 186 RCL 16 1
131 RCL 2 197 » 1 2
132 §T0 ag 182 §10 17 J(0.0081)9 &u) +R,
133 RCL 21 189 RCL 12 146)° (2
174 4 199 1.9 1
* 2 191 %O
' }u . 192 ¥=¥? leoprters=107?
137 67C €5 193 10 1@ 1
138eLBL 07 196 RCL 12 1
139 @,99 195 5.9 1
148 ¥y 196 %Y _&n?
141 \5v? ans.> 0947 197 %=¥2 Joounttr=50"
142 GT) 8., : 198 70 1) 1
147 00 20 199 PLL 12 1
144 870 2; 208 ENTERt 1
145 PCL 22 20 2 :
145 + 202 W0D ;
147 2 203 ¥=97
e 204 07D 12 ]
149 G0 A4S 205 RCL 17 .
159 BL 98 206 2 ; £
151 L1057y 207 o :
15 270 |4 k(w,,(i))—? 2,4 288 §T0 13
153 PCL 14 209eL8L 12
154 PCL 13 219 ReL 17
155 + 2 4
15 2 2 »
197 )‘g ) R 213 670 13
15% 810 1S 2 ] <) 214018 13
159 YEQ “SINK® '[(UM (%) s 215 RLL 18
168 1% 216 -
161 9CL 15 217 670 18
‘ 162 = 218 PCL 11
| 161 ! 219 7(L 18
‘ 164 + 228 +
| 165 144 221 €30 11 floyrdx->Ray
66 BOL 14 ‘ 222 610 &4
! 167 ¥42 2230L8L 18
' 169 1/X 224 PCL 17
169 » 225 §10 18
; 178 ST0 16 Slum)(i)->Rie 226 RCL 1t
‘ 170800 10 227 RCL 10
= ————— 22
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5 STEP _ KEYENTRY _ Kty coO®

COMMENTS

STEP  KEY ENTAY

KEY CODE COMMENTS

i < e e T

229 ST 11
239 GT0 64
2310LBL 1)
232 RCL 1%
' 233 RCL 17
234 +
235 RCL 10
23
| 237 1
1 238
¢ 239 SORT
' 240 ¢
241
242 RrL @S
) 243 0,008!
284 ¢
245 SORT
' 246 »
247 570 03
248 070 1S
2450L8L *CRLC"
250 ST0 20
251 RCL 13
252 »
253 10 39
h 254 E1¥
4 255 RCL
- 256 CHS
' 257 EtY
258 «
259 <10 3
k- 2hR R0L 0
' 21 1%
7%2 0L T
» 263 CKS
Ug 264 £9%
%S -
266 RCL X
267 /
268 PCL 29
g 29 »
i 27 RTN
. 2710181 “SINne
I 272 S10 32
I 272 g
2% PfL 32
275 CHS
276 £
277 -
278 2
279
230 PN
291eL0L 19
282 PRC
283 PRy
284 PIN

ad

1

My~ H:(f:'ni l),l"’ Res

285018 19
286 RCL A2
2T Y2
208 RCL @1
289

298 PCL @y
291 ¢

297 -9,43h42
267 V4%
294 1,62282
295 *

29¢ E*%
297 RCL 08
295 =

299 “HS=*
308 ARCL X
341 AVIEs
392 TONE &
192 STOP
4 GTO 20
305 END

Hy=H, exp<o.ozzs%ia”7

o e

23
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APPENDIX A: BLANK PROGRAM FORMS




e e
Program Deseription
Program Title
Name Date
Address
g City State Zip Code
B Program D iption, Equations, Variables, etc.
)
v
Lt
; Operating Limits and Warnings
1
!




b T —

“tomatel

e

User Instructions

SIZE:

STEP

INSTRUCTIONS

INPUT

FUNCTION

DISPLAY

A4

o




Program Listing

STEP KEY ENTRY  KEY CODE COMMENTS STEP KEYENTRY  KEY CODE COMMENTS
b 201
060
!
010 *
070
|020
p 080
030
i
0%
b
i
q
M
k=
100
1; 050
110
3
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STEP  KEY ENTRY KEY CODE COMMENTS STEP  KEV ENTRY KEY CODE COMMENTS







